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Pain in relationship to Tinnitus and Hearing Loss 
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ABSTRACT 


Introduction: Cervical and lower back pain are noteworthy in the manner of development of tinnitus. 


Objectives: The focus of this research was to indicate the consequence of the severity of neck pain and pain of the lower back and/ 
or lower limbs in tinnitus patients. 


Design: A retrospective analysis of 61 patients with tinnitus as main complaint during a three month period. 


Results: In this study, we found two groups of tinnitus patients defined by the existence of postural instability. Patients with tinnitus 
and postural unsteadiness were characterized by predominant female, self-perceived hearing loss, a higher intensity of tinnitus, 
cervical pain, and pain of the lower back and/or of the lower limbs, and more hearing deficit from 250 Hz to 4 kHz. 


Conclusions: In patients with tinnitus one should be aware that hearing loss can be a consequence of high intensity cervical pain. 
Stimulation of the proprioceptive input pathways due to cervical pain can result in a higher intensity of tinnitus and a hearing loss in 
the range of 250 Hz to 4 kHz. 
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INTRODUCTION 


Tinnitus can be subdivided in two profiles of somatic 
tinnitus: tinnitus combined with postural unsteadiness 
and low-frequency hearing deprivation, and tinnitus with 
postural stability and no low-frequency hearing loss '. 
Pain may influence the sensitivity of the proprioceptive 
receptor leading to postural instability 2. The intensity 
of cervical and lumbar pain is clearly related to the 
diminished equilibration 2°. Our hypothesis is that both 
cervical and lower back pain are noteworthy in the 
manner of development of tinnitus. Therefore, the focus 
of this research was to indicate the severity of neck pain 
and pain of the lower back and/or lower limbs in tinnitus 
patients. 


MATERIALS AND METHODS 


The Medical Ethics Committees United (Nieuwegein, the 
Netherlands) consented this observational retrospective 
research’ (W21.117, Mai 7, 2021). 


Subjects: The totality of patients who paid a visit to our 
outpatient’s department for tinnitus in a three months term 
(1/1/2021 - 31/3/2021). All patients took counsel from an 
otorhinolaryngologist and all patients who had unilateral 
tinnitus underwent MRI to exclude pathology. Patients 
underwent an uniform clinical history and questionnaire 
of tinnitus, a two-sided audiogram, and a measurement of 
the intensity of tinnitus, neck pain, low back pain and/or 
pain of the lower limbs. The clinical history comprehended 
tinnitus features (left side and/or right side, traumatic 
origin, period of complaints and age of onset, and 
accompanying symptoms (self-reported hearing deficit, 
the presence of postural instability, dizziness, and neck 
pain). The Visual Analogue Scale (VAS) was used to 
measure the severity of pain and tinnitus. 


Data Assessment: Features acquired from tinnitus 
patients were age, gender, severity of tinnitus or pain 
assessed by the VAS, together with the outcome of the 
tinnitus survey. The VAS is a 10-centimetre strip along 
the space separating the endings of “no tinnitus or pain” 
and “unbearable tinnitus or pain”. The patient specified 
the smallest, the highest, and the average severity. The 
result was quantified by the interval (millimetre) between 
the “no tinnitus and pain” ending and the patient’s token. 
A two-sided audiogram estimated tone limits at 250, 500, 
1000, 2000, 4000, and 8000 Hz. The audiogram of the 
side with the most potent noise was appointed for the 
study. In case of two-side tinnitus with matching power, 
the average of both measurements was implemented. 


Statistical Methods: Statistical calculation was performed 
with Minitab 18 (Minitab Inc., State College, PA, USA). 
Student’s t-test was practised for continuous elements 
and x2 test for dichotomous elements. Discriminant 
analysis was tested to calculate the interrelationship of 
the severity of tinnitus or neck pain with the existence 
of postural instability and with hearing deficit at 250 Hz 
exceeding 23 decibel. A P-value smaller than 0.05 was 
significant. 


RESULTS 


From January 2021 to April 2021, 61 patients attended 
our clinic for their tinnitus. The features of these sufferers 
of tinnitus are demonstrated in Table 1. Tinnitus patients 
had a pervasiveness of postural instability, self-perceived 
hearing loss, and cervical pain. 


Tinnitus patients with postural instability were set side 
by side with the patients with postural stability (Table 
2). Patients with tinnitus and postural instability were 
characterised by predominant female, self-perceived 
hearing loss, a higher intensity of tinnitus, cervical pain, 
and pain of the lower back and/or of the lower limbs, more 
hearing deficit from 250 Hz to 4 kHz, and less sloping 
high frequency hearing deficit (i.e., ratio hearing loss at 8 
kHz divided by hearing loss at 2 kHz). 


Discriminant analysis for breaking up in two classes 
was performed to evaluate the association of the mean 
intensity of neck pain and pain of the lower back and/ 
or of the lower limbs with the existence of tinnitus with 
postural instability. The height of the mean intensity of 
cervical pain and of pain of the lower back and/or lower 
limbs could predict the appearance of postural instability 
in tinnitus patients (Proportion Correct of 0.667 and 0.750, 
respectively). A VAS of the mean intensity of the cervical 
pain exceeding 31 millimetre was linked to an increased 
prevalence of postural unsteadiness from 29% to 62%. 
Also, a VAS of the mean intensity of pain from lower back 
and/or lower limbs higher than 31 millimetres increased 
the commonness of postural unsteadiness from 23% to 
72% in tinnitus patients. 


In Table 3 patients with no mean pain exceeding 31 
millimetres on the VAS were set side by side with patients 
suffering of only pain of the lower back and/or lower 
limbs, with patients with only neck pain, and with patients 
with neck pain together with pain of the lower back and/ 
or lower limbs, all with a mean pain intensity exceeding 
31 millimetres on the VAS. Especially cervical pain with a 
mean intensity exceeding 31 mm on the VAS can induce 
hearing loss in the range between 250 Hz and 2 kHz. It 
seems that the presence of pain of the low back and/ 
or lower limbs with a mean pain intensity exceeding 31 
millimetres on the VAS does not induce hearing loss itself 
but when it occurs together with cervical pain it had an 
additional effect in causing more hearing loss in the range 
between 250 Hz and 2 kHz. A VAS of the mean intensity of 
the cervical pain exceeding 31 millimetres has a sensitivity 
of 62% and a specificity of 79% for predicting the presence 
of tinnitus with postural instability. Positive and negative 
predictive values are 74% and 53% respectively. 


Discriminant analysis for division in two classes was 
performed for the relationship of the ratio hearing loss at 
8 kHz divided by hearing loss at 2 kHz with the existence 
of tinnitus without postural instability. The mean intensity 
of neck pain and of pain of the lower back and/or lower 
limbs could foretell the happening of postural stability in 
tinnitus patients (Proportion Correct of 0.600). 
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Table 1. Clinical characteristics of the patients with tinnitus (n=61). 


Gender (male) 

Postural instability (yes) 
Self-perceived hearing loss (yes) 
Cervical pain (yes) 

Age at the start of the complaint (years) 


Perceived mean intensity of tinnitus (mm): 
Perceived mean intensity of cervical pain (mm) 
Perceived mean intensity of pain of lower back and/or lower limbs (mm) 


Q1 - Q3: inter-quartile range; mm: millimetre. 


Prevalence Median- Q1-Q3 

56% 

43% 

67% 

72% 
51 36-59 
72 50-85 
20 2-54 
23. «1-53 


Table 2: Tinnitus patients with postural instability were compared with tinnitus patients without postural instability. 


Postural instability (n= 26) Postural stability (n= 35) P-value 
Prev. Mean SEM Prev. Mean SEM 

Gender (Male) 38% 69% 0.019 i} 
Self-perceived hearing loss (yes) 88% 51% 0.002 Ss 

Cervical pain (yes) 80% 66% 0.226 

Age at the start of the complaint (years) 47 3.0 48 2.5 0.973 
Perceived mean intensity of tinnitus (mm): 73° «5.1 60 4.1 0.045 i} 
Perceived mean intensity of cervical pain (mm) 41 6.2 22 4.8 0.020 Ss 
Perceived mean intensity ean lower back and/or lower 45 6.0 18 4.0 0.001 Ss 

Hearing loss (dB) at: 

- 250 Hz 35 5.8 16 28 0.005 S) 
- 500 Hz 35 5.6 16 2.7 0.004 iS} 
: 1 kHz 39 5.7 18 29 0.002 S) 
- 2 kHz 40 5.0 20 2.6 0.001 S) 
7 4 kHz 50 5.1 36 3.6 0.027 S) 

- 8 kHz 60 5.3 47 46 0.073 
Ratio hearing loss at 8 kHz compared to hearing loss at 2 kHz 1.9 0.2 2.8 0.3 0.045 Ss 


dB: decibel; Hz: Hertz; KHz: Kilohertz; Prev.: Prevalence; SEM: Standard Error of the Mean; mm: millimetre; S: Significant. 


Table 3: The influence of the intensity of cervical pain and pain of the lower back and/or lower limbs on hearing loss in the range between 250 Hz 


and 8 kHz. 


Both cervical pain and pain 


Mean VAS pain No ae a aad ae rl only eee > lower back and/or lower limbs P-value 
> 31mm 
Hearing loss (dB) at: Mean SEM Mean SEM Mean SEM Mean SEM 
250 Hz 16 2.7 14 64 28 8.8 42 8.1 0.004 Ss 
500 Hz 15 29 16 69 27 8.1 40 7.6 0.006 Ss 
1 kHz 16 29 18 49 32 9.1 46 7.7 0.001 Ss 
2 kHz 22 3.3 26 5.4 26 6.4 44 7.1 0.011 Ss 
4 kHz 39 4.5 46 6.2 29 7.4 51 6.9 0.149 
8 kHz 51 5.9 57 86 39 9.5 59 5.9 0.398 
Mean VAS tinnitus 56 5.1 72 7.3 67 5.3 77 58 0.034 Ss 


dB: decibel; Hz: Hertz; KHz: Kilohertz; SEM: Standard Error of the Mean; mm: millimetre; S: Significant; VAS: visual analogue scale. 


A ratio hearing loss at 8 kHz divided by hearing loss at 
2 kHz exceeding 2.34 was associated with an increased 
prevalence of tinnitus without postural instability from 
47% to 74%. Also, it has an affectability of 45% and an 
explicitness of 79% in anticipating tinnitus without postural 
instability. The positive and negative prescient qualities 
were 74% and 53% separately. 


DISCUSSION 


In this study, we found two groups of tinnitus patients 
defined by the existence of postural instability. Patients 
with tinnitus and postural unsteadiness were characterised 


by predominant female, self-perceived hearing loss, a 
higher intensity of tinnitus, cervical pain, and pain of the 
lower back and/or of the lower limbs, and more hearing 
deficit from 250 Hz to 4 kHz. 


There is support for two profiles of somatic tinnitus, 
separated by the existence of postural unsteadiness and 
low-frequency hearing deficit (Figure 1)'. The concurrence 
of tinnitus with postural instability commence as a cervical 
pain syndrome and the severity of the neck pain is related 
to the happening of postural unsteadiness. Postural 
steadiness is based on intricate interconnections between 
the proprioceptive, visual and vestibular sensory systems. 
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Tinnitus with 
postural instability 


Prevalence: 43% 


Hearing loss Tinnitus 
250 Hz - 4.0 kHz 


Cochlear nucleus 


Nucleus Gracilis 


ft 


Disrupted propriocepsis 


VAS of mean low back pain 


and/or lower limb pain 
more than3imm 


more than3imm 


Nucleus Cuneate 
Funiculus dorsalis Funiculus dorsalis 


Disrupted propriocepsis 


VAS of mean cervical pain 


Tinnitus with 


postural stability 


Prevalence: 57% 


Tinnitus 


Cochlear nucleus 


Ratio of dividing hearing lossat 


8 kHz by hearing lossat 2 kHz 
exceeding 2.34 


Figure 1: Theoretical model of the pathogenesis of tinnitus. 


Proprioceptive information might be unsettled due to the 
activation of nociceptors. Pain intensity in patients with 
low back pain and with neck pain is compatible with a 
worsening degree of proprioception 2°. Also, in our study 
postural instability in tinnitus patients was related to high 
intensity pain of the neck, lower back and lower limbs‘. 


It is known that several chronic pain syndromes are linked 
with hearing loss®. Cervical spine and temporomandibular 
disorders may include hearing loss, vertigo, or tinnitus®’. 
Patients with temporomandibular illness and patients with 
migraine have hearing deterioration at low frequencies®?. 
Individuals with fibromyalgia and people with local and 
widespread musculoskeletal pain not diagnosed with 
fibromyalgia are also prone to subjective hearing loss". 
Taken together, these findings point towards a direct link 
between the auditory and pain systems. 


There are two discriminative somatosensory ways to 
the cochlear nucleus"'?. First, a fast pathway by mossy 
fibres from the dorsal column nuclei to the dorsal 
cochlear nucleus cells. Second, a slower pathway of the 
primary somatic ganglion cells with small bouton endings 
that activates both dorsal and ventral cochlear nucleus. 
The dorsal column-medial lemniscus system transport 
proprioceptive information from the dorsal root ganglion 
to the two dorsal column nuclei: the cuneate nucleus 
and the gracile nucleus. The cuneate nucleus collects its 
input from the upper part of the body, whereas the gracile 
nucleus obtains input from the lower part. Stimulation of 
the proprioceptive input pathways due to cervical pain 
can influence the intensity coding of acoustic impulses 
by auditory neurons resulting in hearing loss and a 
higher intensity of tinnitus'’. This study demonstrates 
that the activation of the cuneate nucleus seems more 
important than the activation of the gracile nucleus in 
tinnitus patients resulting in a hearing deficit in the range 


of 250 Hz to 4 kHz'”. However, activation of the gracile 
nucleus seems to empower the influence of activation of 
the cuneate nucleus on hearing loss. 


It has been stated that destruction of the acoustic input 
pathway provides raised excitatory somatosensory inputs 
to the cochlear nucleus". This can result in hyperactivity in 
the dorsal cochlear nucleus and to an altered distribution 
and/or number of neurotransmitter receptors in the 
ventral cochlear nucleus'**. However, the upregulation 
of glutamatergic neurotransmission can also be due 
to increased excitatory non-auditory projections to 
the cochlear nucleus'®. Our study points out that the 
activation of non-auditory pathways to the cochlear 
nucleus can possibly cause hearing loss. Especially, 
if the proprioceptive nervous system is disrupted by 
high intensity cervical pain hearing loss can ensue. 
Therefore, in patients with tinnitus one should be 
aware that hearing loss can be a consequence of high 
intensity cervical pain. 


In our study, a higher ratio of hearing loss at 8 kHz divided 
by the hearing loss at 2 kHz is associated with tinnitus 
without postural instability. An inductor of tinnitus may be 
a steep edge of hair cell loss *©'”. Neurons in frequency 
regions not affected by hearing loss become hyperactive 
because of reduced inhibition from damaged neurons 
encoding neighbouring frequencies. A further proposed 
inductor of tinnitus is a mismatch between outer and 
inner hair cell loss at the same frequency '©'®. Inhibitory 
inputs to the dorsal cochlear nucleus arises from outer 
hair cells. Larger damage of outer hair cell than inner hair 
cell at the border of the cochlear lesion impair inhibition 
more resulting in hyperactivity in the cochlear nucleus’®. 


Limitations of This Study. The population of people with 
tinnitus who visited our clinic may not be the prototypical 
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example of the tinnitus community. Especially patients 
with high intensity tinnitus and severe psychosocial 
suffering can be overrepresented as they are in need for 
therapy. The use of VAS scales to objectivity the severity 
of tinnitus and pain can be a subject for debate. However, 
VAS scales are considered to be valid and reliable 
brief screening tools for tinnitus and pain '%2°. Another 
confinement is its retrospective nature and prospective 
follow-up research is recommended to validate the results 
and the conclusions of this study. 


CONCLUSION 


There is support for two profiles of somatic tinnitus, 
separated by the existence of postural unsteadiness and 
low-frequency hearing deficit. A higher ratio of hearing 
loss at 8 kHz divided by the hearing loss at 2 kHz is 
linked to tinnitus with postural stability. Postural instability 
in tinnitus patients is associated with high intensity pain 
of the neck, lower back and lower limbs. Stimulation of 
the proprioceptive input pathways due to cervical pain is 
related to a higher intensity of tinnitus and a hearing loss 
in the range of 250 Hz to 4 kHz. Therefore, in patients 
with tinnitus one should be aware that hearing loss can 
be related to high intensity cervical pain. 
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